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Ethnopharmacological relevance: Lavandula angustifolia (lavender) inhalation has been used in folk
medicine for the treatment of anxiety, and clinical and animal studies have corroborated its anxiolytic
effect, although its mechanism of action is still not fully understood.
Aims of the study: The objective of the present study was to determine whether the GABAA/benzodiazepine
complex or serotonin neurotransmission mediates the anxiolytic-like effect of lavender essential oil.
Materials and methods: Male Swiss mice were subjected to the marble-burying test after being exposed to
the aroma of lavender essential oil (1–5%), amyl acetate (5%; used as a behaviorally neutral odor), or
distilled water for 15 min via inhalation. Additionally, the effect of 5% lavender essential oil was also
evaluated in mice subjected to the elevated plus maze. GABAA/benzodiazepine mediation was evaluated by
pretreating the mice with the GABAA receptor antagonist picrotoxin before the marble burying test and
[3H]ﬂunitrazepam binding to the benzodiazepine site on the GABAA receptor. Serotonergic mediation was
studied by pretreating the mice with O-methyl-[3H]-N-(2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl)-N-
(2-pyridinyl) cyclohexanecarboxamide trihydrochloride (WAY100635), a serotonin 5-HT1A receptor
antagonist before the marble burying test. We also evaluated changes in the pharmacologically induced
serotonin syndrome and the effects of combined administration of subeffective doses of lavender essential
oil and the 5-HT1A receptor agonist 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT).
Results: Lavender essential oil (1–5%) decreased the number of marbles buried compared with the control
and amyl acetate groups. In the elevated plus maze, 5% lavender essential oil inhalation increased the
percentage of time spent on and number of entries into the open arms compared with controls. No effect
was seen in the number of closed arm entries or number of beam interruptions in the automated activity
chamber. Pretreatment with the GABAA receptor antagonist picrotoxin (0.5 mg/kg) did not modify the
behavioral effect of 5% lavender essential oil in the marble-burying test. Lavender essential oil also did not
alter [3H]ﬂunitrazepam binding to the benzodiazepine site on the GABAA receptor. Pretreatment with the
serotonin 5-HT1A receptor antagonist WAY100635 (3 mg/kg) blocked the anxiolytic-like effect of lavender
essential oil and the 5-HT1A receptor agonist 8-OH-DPAT (3 mg/kg). A combination of ineffective doses of
8-OH-DPAT (0.5 mg/kg) and lavender essential oil (0.1%) reduced the number of marbles buried. Finally, 5%
lavender essential oil attenuated the serotonin syndrome induced by 40 mg/kg ﬂuoxetine plus 80 mg/kg
5-hydroxytryptophan.
Conclusions: These results indicate an important role for the serotonergic system in the anxiolytic-like
effect of lavender essential oil.
& 2013 Elsevier Ireland Ltd. Open access under the Elsevier OA license.1. Introduction
Lavender essential oil has been shown to reduce anxiety in
both clinical and preclinical studies. Preclinical studies have found: þ55 41 32662042.
ca).
der the Elsevier OA license.anxiolytic effects of lavender essential oil in the Geller conﬂict test,
Vogel test (Umezu et al., 2006), elevated plus maze (Bradley et al.,
2007; Takahashi et al., 2011), and open ﬁeld test (Shaw et al.,
2007). A reduction of anxiety was found in dental patients
exposed to lavender scent while in the waiting room of the dental
ofﬁce (Kritsidima et al., 2010; Lehrner et al., 2005). Moreover, a
lavender oil capsule formulation was as effective as lorazepam at
L.R. Chioca et al. / Journal of Ethnopharmacology 147 (2013) 412–418 413reducing anxiety in adult patients with generalized anxiety dis-
order (Woelk and Schläfke, 2010) and exerted an anxiolytic effect
in patients with subsyndromal anxiety disorder (Kasper et al.,
2010).
The lavender species most applied in anxiety-related studies is
Lavandula angustifolia, which contains linalool and linalyl acetate
as its main components (Takahashi et al., 2011; Woronuk et al.,
2011). Linalool has been the compound most linked to the
anxiolytic effect of lavender (Linck et al., 2010; Takahashi et al.,
2011; Tsang and Ho, 2010; Umezu et al., 2006; Woronuk et al.,
2011). Moreover, Takahashi et al. (2011) showed that the
anxiolytic-like effect of linalool in mice tested in the elevated plus
maze was potentiated by linalyl acetate. This evidence demon-
strates the anxiolytic effect of lavender essential oil, but the
pharmacological mechanism of this effect is still not fully under-
stood, with no clear indication which neurotransmitter is involved.
The drugs most often used to treat generalized anxiety disorder
are benzodiazepines (BDZs) that act through the γ-aminobutyric
acid type A (GABAA) receptor/BDZ complex, antidepressants,
mainly selective serotonin reuptake inhibitors (SSRIs) that affect
serotonin (5-hydroxytryptamine [5-HT]) neurotransmission, and
the 5-HT1A receptor agonist buspirone (Koen and Stein, 2011;
Ravindran and Stein, 2010).
The GABA/BDZ complex is the main molecular target of BDZs,
one of most frequently prescribed anxiolytic drugs (Rudolph and
Knoﬂach, 2011). These drugs exert their effects by binding to the
BDZ site on GABAA receptors, exerting a positive allosteric mod-
ulatory effect and increasing inhibitory GABAergic neurotransmis-
sion (Rudolph and Knoﬂach, 2011). In animal models of anxiety,
BDZs (e.g., diazepam) are used as a pharmacological validation tool
(e.g., Almeida et al., 2004; Cryan and Sweeney, 2011; Lister, 1987;
Nicolas et al., 2006), and GABA (e.g., picrotoxin and bicuculline)
and BDZ (e.g., ﬂumazenil) antagonists are used to evaluate the
GABA/BDZ mediation of the anxiolytic-like effects of drugs (e.g.,
Baretta et al., 2012; Dombrowski et al., 2006; Duarte et al., 2008).
In vitro studies suggested that lavender essential oil could potentiate
the effect of GABA at GABAA receptors (Aoshima and Hamamoto,
1999). Thus, its anxiolytic effect could be related to this GABAergic
action (Tsang and Ho, 2010).
Serotonin is another neurotransmitter frequently associated
with anxiety and anxiolytic drugs. 5-HT1A receptors are proposed
to play an important role in anxiety. Buspirone, a 5-HT1A partial
agonist, is clinically effective in generalized anxiety disorder
(Koen and Stein, 2011). Moreover, preclinical studies have shown
that 5-HT1A agonists (e.g., 8-hydroxy-2-[di-n-propylamino]tetralin
[8-OH-DPAT]) exhibit anxiolytic-like effects in animal models, and
5-HT1A antagonists (e.g., O-methyl-[3H]-N-[2-(4-[2-methoxyphe-
nyl]-1-piperazinyl)ethyl]-N-[2-pyridinyl]) cyclohexanecarboxami-
detrihydrochloride [WAY100635]) block the anxiolytic-like effects
of some drugs, such as cannabidiol (Campos and Guimarães, 2008).
Thus, the aim of the present study was to evaluate the
anxiolytic-like effect of lavender essential oil inhalation in mice
subjected to the marble-burying test and elevated plus maze and
evaluate the participation of GABAA/BDZ and serotonin neuro-
transmission in its pharmacological mechanism of action.Fig. 1. Schematic of serotonin syndrome experiment.2. Material and methods
2.1. Animals
Adult male Swiss albino mice (30–45 g) from our own breeding
colony were used. They were housed in groups of 15 in poly-
propylene cages (413416 cm) with sawdust bedding under a
12 h/12 h light/dark cycle (lights on at 7:00 AM) and controlled
temperature (2272 1C). Food and water were available ad libitum.The present experiments were performed in accordance with the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals and approved by the institutional Ethics
Committee for Animal Experimentation of the Federal University
of Paraná State (protocol no. 407).
2.2. Drugs and treatments
Lavender essential oil was purchased from a commercial source
(Phytoterápica, São Paulo, Brazil), produced from Lavandula angu-
stifolia. The chemical composition analysis (Gas Chromatography
with ﬂame ionization detector—Dall Soluções Analíticas e Empre-
sariais, Curitiba, Brazil) of the lavender essential oil showed 46.5%
linalool and 53.5% linalyl acetate, which are the main components
of several lavender essential oils (Takahashi et al., 2011). It was
diluted in propylene glycol to obtain concentrations of 1.0%, 2.5%,
and 5.0% (v/v) just prior to the experiments. Amyl acetate (5%;
Sigma, St. Louis, MO, USA), which has a mild banana-like odor and
did not show any effect on anxiety in previous studies (Paschall
and Davis, 2002; Pavesi et al., 2011), and distilled water were used
as controls. The animals were exposed to the aroma for 15 min
immediately before the test.
Diazepam (1 mg/kg; União Química, São Paulo, Brazil), picro-
toxin (0.5 mg/kg, intraperitoneally; Sigma, St. Louis, MO, USA),
8-OH-DPAT (3 mg/kg, intraperitoneally; Sigma), WAY100635
(3 mg/kg, intraperitoneally; Sigma), and ﬂuoxetine (40 mg/kg,
intraperitoneally; EMS, Hortolândia, Brazil) were diluted in saline.
5-Hydroxytryptophan (5-HTP; 80 mg/kg, intraperitoneally; Sigma)
was diluted in saline with 5% Tween-80.
The drugs were administered 30 min before the marble-
burying and locomotor activity tests or 15 min before lavender
oil exposure, followed by 15 min lavender oil inhalation and then
the behavioral tests. The marble-burying and locomotor activity
tests were conducted between 8:00 AM and 1:00 PM.
To induce a serotonin syndrome, the mice were allowed to
habituate to a glass cage (32 cm17 cm21 cm) for 15 min. After
habituation, the animals were treated with 40 mg/kg ﬂuoxetine and
then exposed to 5% lavender essential oil or water inhalation for
15 min. Immediately after the inhalation, the mice were treated with
80 mg/kg 5-HTP, and after 5 min they were video-recorded for 1 min,
followed by four 1 min videos every 5 min (Fig. 1). The serotonin
syndrome test was conducted between 1:00 PM and 5:00 PM.
All of the drugs were freshly prepared just before the experi-
ments. The doses were based on previous studies (Casarotto et al.,
2010; Dalvi and Rodgers, 1996; Egashira et al., 2008; Matsushita
et al., 2005) or previous experiments performed by our group
(data not shown).2.2.1. Inhalation
The mice (groups of ﬁve mice for the marble-burying test and
one mouse for the elevated plus maze, automated activity
chamber, and serotonin syndrome test), in their home cages
(28 cm17 cm12 cm), were placed inside odor-isolated
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group), 5% amyl acetate, or different concentrations of lavender
essential oil (1.0%, 2.5%, and 5.0% [v/v]) in a constant volume of
1 ml were placed on cotton wool that weighed 0.7 g. The soaked
cotton wool was placed in the corner of the chambers, and the lid
was closed. The animals were exposed to the aroma for 15 min,
immediately before the tests. Each cotton wool with lavender oil,
amyl acetate, or distilled water was used only once and renewed
each time to maintain its concentration in the apparatus.
2.3. Experimental procedure for behavioral tests
On the experimental day, the mice were habituated to the
experimental room for 30 min before drug administration, with
free access to food and water. Different groups of mice were used
in each experiment, such that each mouse was tested only once.
2.3.1. Marble-burying test
The mice were individually placed in the center of a poly-
propylene cage (41 cm34 cm16 cm) with a 5-cm sawdust-
covered ﬂoor that contained 24 clean glass marbles (15 mm
diameter) that were evenly spaced at the periphery of the cage
(5 cm from the walls). Twenty minutes later, the mouse was
removed from the cage, and the number of marbles buried at
least two-thirds in the sawdust was counted. The cages and
sawdust were changed, and the glass marbles were washed with
10% alcohol after each mouse was tested to avoid residual smell
interference (Hayashi et al., 2010; Krass et al., 2010).
2.3.2. Elevated plus maze
The elevated plus maze apparatus consisted of two perpendi-
cular open arms (30 cm5 cm) and two perpendicular closed
arms (30 cm5 cm25 cm). The entire maze was constructed of
wood and elevated 45 cm above the ﬂoor (Lister, 1987). The open
arms were surrounded by a wooden edge (0.5 cm high) to prevent
the mice from falling. After the treatment, the mouse was placed
in the center of the maze facing a closed arm and observed for
5 min. The parameters assessed were the number of entries into
the open and closed arms and time spent in the open arms. All of
the data are expressed as percentages. The mouse was considered
to be inside an arm when all four legs were on the arm. The
number of entries into the closed arms was considered an index of
locomotor activity, and the percentage of entries into and time
spent on the open arms were considered indices of anxiety-like
behavior (Baretta et al., 2012; Lister, 1987). All of the experimental
sessions were video recorded for subsequent analysis.
2.3.3. Locomotor activity
To measure spontaneous locomotor activity, each mouse was
individually placed inside an automated activity chamber
(40 cm20 cm26 cm) equipped with three photocells on the
walls (10 cm apart), and the number of beam interruptions was
cumulatively recorded for 5 min. The activity chamber consisted of
wooden sidewalls with a dark green Plexiglas lid, and the ﬂoor
was made of wire mesh. The level of illumination on the ﬂoor of
the apparatus was 20 lux (Pereira et al., 2011).
2.3.4. Serotonin syndrome
The behavioral assessments were based on previous studies
(Diaz and Maroteaux, 2011; Fox et al., 2007; Kalueff et al., 2007).
The behaviors associated with the rodent serotonin syndrome
were recorded in ﬁve 1-min videos for further assessment by an
observer who was blind to the treatments.
The behaviors were analyzed as intermittent or continuous.
Intermittent behaviors included head weaving, forepaw treading,and backward movement and were scored on a scale from
0 to 4: 0, absent; 1, present once; 2, present several times; 3,
present frequently; 4, present continuously. Continuous behaviors
included hindlimb abduction, Straub tail, tremor, and low body
posture and were scored on a scale from 0 to 4: 0, absent; 1,
perceptible; 2, weak; 3, medium; 4, maximal (Diaz and Maroteaux,
2011; Fox et al., 2007; Kalueff et al., 2007).
The scores from the ﬁve 1-min periods were summed for each
behavior. Overall serotonin syndrome scores were also calculated
by summing the scores for all intermittent and continuous
behaviors for each 5-min assessment (Diaz and Maroteaux 2011;
Fox et al., 2007; Kalueff et al., 2007).2.4. [3H]Flunitrazepam binding assay
To determine whether the anxiolytic effect of lavender oil is
mediated by the GABAA/BDZ complex, we performed a speciﬁc
binding assay of the BDZ site of GABAA receptors using [3H]
ﬂunitrazepam according to a previous study (Baretta et al.,
2012). Incubation was performed in duplicate in tubes (total
volume, 500 μl) that contained 50 mM Tris–HCl (pH 7.4) and
0.5 mg of mouse brain membrane protein (without cerebellum)
in the absence or presence of lavender essential oil (1 mg/ml, 10 mg/ml,
and 100 mg/ml). Diazepam (10 μM) was used as a positive control. The
concentrations of the essential oil (1–100 μg/ml) were tested within a
range as low as the concentration of diazepam (10 μM corresponds to
3 μg/ml) and as high as the solubility limit of the extract (100 μg/ml in
aqueous solution). Incubation began by adding 1 nM [3H]ﬂunitraze-
pam and was performed on ice for 60 min. The reaction was stopped
by vacuum ﬁltration, and the radioactivity of the ﬁlters was deter-
mined using a Packard Tri-Carb 2100TR liquid scintillation counter.
Nonspeciﬁc binding (10–20% of total binding) was determined by
adding 100 μM diazepam to the medium in parallel assays. Speciﬁc
binding was considered to be the difference between total binding
and nonspeciﬁc binding. The results are expressed as a percentage of
speciﬁc binding.2.5. Statistical analysis
All of the data are expressed as mean7SEM. The results from
the marble-burying test, locomotor activity and binding assay
were statistically analyzed using one-way analysis of variance
(ANOVA). Post hoc comparisons between individual groups were
performed using the Duncan test. For the elevated plus maze,
Student's t-test for independent samples was used to compare the
control and 5% lavender oil groups. Differences were considered
statistically signiﬁcant when p≤0.05.3. Results
3.1. Effect of different concentrations of lavender essential oil
on marble-burying behavior
As shown in Fig. 2, the one-way ANOVA revealed a signiﬁcant
effect of treatment (F4,45¼7.568, po0.001). All of the lavender
essential oil concentrations signiﬁcantly reduced the number of
marbles buried compared with distilled water and amyl acetate
odor (all po0.05), whereas no signiﬁcant differences were found
between amyl acetate odor and distilled water (p40.10). No
signiﬁcant difference was observed among the lavender essential
oil concentrations (all p40.10).
Fig. 2. Effect of different concentrations of lavender essential oil, amyl acetate (AA),
and the control (distilled water [DW]) on marble-burying behavior. The data are
expressed as the mean7SEM of the number of marbles buried during the 20 min
test (n¼10 mice/group). *po0.05, **po0.01, compared with DW and 5% AA groups.
Fig. 3. Effects of 5% lavender essential oil (15 min inhalation) in the elevated plus
maze, including the percentage of the total time spent in the open arms (left) and
percentage of entries into the open arms (right). The data are expressed as mean7
SEM (n¼11 mice/group). *p≤0.05, compared with control (distilled water [DW]).
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The elevated plus maze results are shown in Fig. 3. Student's
t-test revealed signiﬁcant effects of 5% lavender essential oil on the
percentage of time spent on the open arms (t20¼−3.833, p≤0.01)
and percentage of entries into the open arms (t20¼−3.877,
p≤0.01). No difference was observed in the number of closed
arm entries (t20¼−1720, p40.10; distilled water, 6.970.54;
lavender, 8.270.55; mean7SEM).Fig. 4. Effect of pretreatment with picrotoxin (0.5 mg/kg, i.p.) on the anxiolytic-like
effect of 5% lavender essential oil inhalation and diazepam (1.0 mg/kg, i.p.) on
marble-burying behavior. The data are expressed as the mean7SEM of the number
of marbles buried during the 20 min test (n¼7–10 mice/group). *po0.05,
compared with control (salineþdistilled water [DW]).3.3. Locomotor activity
The substances used in the present study did not signiﬁcantly alter
spontaneous locomotor activity compared with the control group
(F6,50¼2.128, p¼0.066; mean7SEM: control, 147714; 5% lavender,
158711; 3 mg/kg 8-OH-DPAT, 98722; 0.5 mg/kg 8-OH-DPAT,116710; 3 mg/kg WAY100635, 116712; 0.5 mg/kg picrotoxin,
151713; 1 mg/kg diazepam, 155723; n¼8–9/group).
3.4. Effect of co-administration of picrotoxin with diazepam or
lavender essential oil on marble-burying behavior
The one-way ANOVA indicated that the treatment exerted a
signiﬁcant effect (F5,45¼7.763, po0.001). As shown in Fig. 4, the
mice treated with 0.5 mg/kg picrotoxin buried a similar number of
marbles as the saline group (p40.10). The mice that received
1 mg/kg diazepam or were exposed to 5% lavender essential oil
exhibited a signiﬁcant inhibition of marble-burying behavior
compared with saline (both po0.01). Pretreatment with 0.5 mg/
kg picrotoxin abolished the effect of 1 mg/kg diazepam, such that
the mice that received a combination of picrotoxin and diazepam
buried a similar number of marbles as the saline group (p40.10)
and buried more marbles than the diazepam-alone group
(po0.02). Pretreatment with 0.5 mg/kg picrotoxin did not inter-
fere with the effect of 5% lavender essential oil. The group that
received a combination of picrotoxin and lavender essential oil
buried fewer marbles than the control group (po0.01), similar to
the group that received only lavender (p40.10).
3.5. Effect of co-administration of WAY100635 with 8-OH-DPAT
or lavender essential oil on marble-burying behavior
The one-way ANOVA indicated that the treatment exerted a
signiﬁcant effect (F5,60¼2.972, po0.02; Fig. 5). Lavender essential
oil and 8-OH-DPAT reduced the number of marbles buried
compared with the control group (both po0.02). The reduction
of marble-burying behavior induced by lavender essential oil and
8-OH-DPAT was blocked by pretreatment with WAY100635, and
no signiﬁcant differences were found between these groups and
the control group (both p40.10).
3.6. Effect of co-administration of ineffective doses of 8-OH-DPAT
and lavender essential oil on marble-burying behavior
The one-way ANOVA indicated that the treatment induced a
signiﬁcant effect (F3,33¼6.510, po0.01; Fig. 6). Lavender essential
Fig. 5. Effect of pretreatment with WAY100635 (3 mg/kg, i.p.) on the anxiolytic-like
effect of 5% lavender essential oil inhalation and 8-OH-DPAT (3 mg/kg, i.p.) on
marble-burying behavior. The data are expressed as the mean7SEM of the number
of marbles buried during the 20 min test (n¼8–12 mice/group). *po0.05, com-
pared with control (salineþdistilled water [DW]).
Fig. 6. Effect of co-administration of 8-OH-DPAT (0.5 mg/kg, i.p.) and 0.1% lavender
essential oil inhalation on marble-burying behavior. The data are expressed as the
mean7SEM of the number of marbles buried during the 20 min test (n¼9–10).
*po0.05, compared with control (salineþdistilled water [DW]).
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compared with all of the other groups (all po0.02). Lavender
essential oil (0.1%) and 8-OH-DPAT alone did not alter marble-
burying behavior compared with the control group (both p40.10).3.7. Effect of lavender essential oil on the serotonin syndrome
induced by ﬂuoxetine plus 5-HTP
As shown in Fig. 7, a signiﬁcant reduction of the severity of the
serotonin syndrome (i.e., total score) was found in the lavender
essential oil group compared with the vehicle group (t24¼2.314,
po0.05). No signiﬁcant effect was seen in individual item scores
(all t24¼1.889 to −0.31), but trends (po0.10) toward lower scores
in hindlimb abduction, low body position, and tremor were
observed in the lavender essential oil group.3.8. Effect of lavender essential oil on in vitro [3H]ﬂunitrazepam
binding in rat brain membranes
As shown in Fig. 8, diazepam, which was used as a positive
control, reduced [3H]ﬂunitrazepam-speciﬁc binding by 8671%.
Lavender essential oil did not change [3H]ﬂunitrazepam-speciﬁc
binding at the BDZ site of the GABAA receptor in rat brain
membranes (F4,11¼69.58, po0.0001; Fig. 6).4. Discussion
The present study showed that lavender essential oil inhalation
exerted an anxiolytic-like effect in the marble-burying test and
elevated plus maze in mice at doses that did not induce alterations
in locomotor activity. These observations are consistent with
previous studies (Bradley et al., 2007; Linck et al., 2009, 2010;
Tsang and Ho, 2010). However, the main ﬁnding presented herein
was that serotonergic neurotransmission appears to play an
important role in this anxiolytic-like effect of lavender oil, and
the participation of the GABAA/BDZ complex is unlikely.
Similar to lavender essential oil inhalation, systemic adminis-
tration of 8-OH-DPAT, a 5-HT1A receptor agonist, also reduced the
number of marbles buried at a dose that did not affect locomotor
activity. The same dose of WAY100635 was able to reverse the
anxiolytic-like effect of lavender essential oil and 8-OH-DPAT in
the marble-burying test. These results are consistent with an
important role for 5-HT1A receptors in the blockade of marble-
burying behavior, which was suggested by the abolishment of the
anxiolytic-like effects of ﬂuvoxamine, paroxetine, cannabidiol, and
8-OH-DPAT by 5-HT1A antagonists (Campos and Guimarães, 2008;
Casarotto et al., 2010; Egashira et al., 2008; Ichimaru et al., 1995;
Matsushita et al., 2005). We also found that lavender oil inhalation
attenuated the serotonin syndrome induced by ﬂuoxetine plus
5-HTP. Thus, the present results suggest that the anxiolytic-like
effect of lavender essential oil on marble-burying behavior is
related to serotonergic neurotransmission, likely mediated by
5-HT1A receptors.
Despite the good predictive validity of the marble-burying test
for anxiolytic-like drugs (Cryan and Sweeney, 2011; Njung'e and
Handley, 1991a, b), using more than one animal model of anxiety
is recommended to avoid false-positive results. The elevated plus
maze is one of the most widely used models for the study of the
effects of drugs on anxiety-related behavior, and it was used to
conﬁrm the anxiolytic-like effect observed in the marble-burying
test. Indeed, 5% lavender essential oil increased the exploration of
the open arms (percent open time spent and open arm entries),
which are considered the aversive part of the maze (Dalvi and
Rodgers, 1996), corroborating the anxiolytic-like behavior previous
observed in the marble-burying test. No locomotor activity
changes were seen in mice treated with 5% lavender essential oil
and subjected to the elevated plus maze, in which the number of
closed arm entries was similar to the control group. This observa-
tion was consistent with the results of the automated activity
chamber, which also did not show any effect of 5% lavender
essential oil on locomotor activity.
The behavioral pattern observed in the elevated plus maze in
mice treated with lavender oil inhalation was similar to rodents
treated with BDZs (Dalvi and Rodgers, 1996). Previous studies
suggested that the anxiolytic-like effect of lavender oil may be
mediated through a GABAergic mechanism (Aoshima and
Hamamoto, 1999; Tsang and Ho, 2010; Woronuk et al., 2011). To
elucidate the precise role of this signaling pathway, mice were
pretreated with picrotoxin, a GABAA receptor antagonist, at a dose
that blocked the anxiolytic-like effect of diazepam. The mice that
received the combination of picrotoxin and diazepam exhibited
Fig. 7. Effect of 5% lavender essential oil inhalation on the 5-HTPþﬂuoxetine-induced serotonin syndrome, reﬂected by overall serotonin syndrome scores (i.e., the sum of
scores of individual behaviors; left) and individual behavior scores (right). The data are expressed as mean7SEM (n¼13 mice/group). *po0.05, (*)0.05opo0.10, compared
with control (distilled water [DW]).
Fig. 8. Effect of lavender essential oil (1–100 mg/ml) and diazepam on [3H]
ﬂunitrazepam binding in rat brain membranes. The results are expressed as the
mean7SEM of three independent experiments performed in triplicate and
percentage of controls. **po0.01, compared with vehicle.
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Pretreatment with picrotoxin did not interfere with the anxiolytic-
like effect of lavender essential oil. This is consistent with the
negative results found in the BDZ binding assay, which showed
that lavender oil did not bind to the BDZ site of the GABAA
receptor. These results are also consistent with the absence of an
effect of linalool on [3H]muscimol binding in mouse cortical
membranes (Brum et al., 2001). Thus, the present results suggest
that the anxiolytic-like effect of lavender oil is unlikely mediated
by the GABAA/BDZ complex.
The negative result with amyl acetate, which was used as an
odor control, in the marble-burying test suggests that the
anxiolytic-like effect of lavender essential oil was not attributable
to a nonspeciﬁc effect of the odor but rather a speciﬁc effect of the
essential oil, similar to rose, lemon, orange, and lavender (e.g.,Almeida et al., 2004; Carvalho-Freitas and Costa, 2002; Faturi et al.,
2010; Komiya et al., 2006, Moss et al., 2003; Shaw et al., 2007).5. Conclusion
In conclusion, serotonin neurotransmission, likely through
5-HT1A receptors, participates in the pharmacological mechanism
by which lavender essential oil exerts its anxiolytic-like effect.Acknowledgements
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